Graessmann's microinjection technique was chosen to introduce fluorescently labeled muscle actin and other proteins into WI-38 human fibroblasts. The injected cells were examined during culture by fluorescence and reflection contrast microscopy. Within 30 min after injection, rhodamine-labeled actin was incorporated into a distinct network of fluorescent filaments, resembling the stress fibers observed by classical immunofluorescence microscopy. Cytochalasin b prevented the formation of these fibers, but colchicine did not. Neighboring fibers often converged into distinct focal points that appeared to be concentrated near the base of the cell. Examination of these fluorescent fibers and focal points by reflection contrast microscopy confirmed their close location to the substratum. After 6 hr of culture, fluorescent actin and the control proteins were segregated into granules located mainly near the cell nucleus. Thus, the injected actin both enters the intrinsic actin pool and participates in an assembly and disassembly of filamentous structures. Segregation into granules traces the natural turnover of this protein within the cell.
Recent research on nonmuscle cell motility has been directed predominantly toward the isolation and characterization of the proteins likely to be involved and toward the development of immunofluorescence and electron microscopy techniques to localize these components within the cell (cf. ref. 1 for reviews). Such methods, however, have certain limitations, because (i) during isolation the complex network of interactions is destroyed and might not be reconstituted to its native form in vitro, (ii) with the above microscopic techniques artifacts due to fixation might occur, and (iii) only insufficient information can be obtained on the dynamic processes of cellular motility.
In order to overcome these limitations specific cytoskeletal structures must be visualized directly within the living cell. Microinjection of fluorescently labeled proteins, as applied by Graessmann 
RESULTS
Muscle actin and several control proteins (e.g., bovine serum albumin, hemoglobin, cytochrome c) were modified with tetramethylrhodamine isothiocyanate and injected into WI-38 human fibroblasts. The cells showed a homogeneous distribution of the fluorescent proteins within the cytoplasm immediately after injection (for actin, see Fig. 1 a and b) . The cell nucleus generally showed less intense fluorescence. Furthermore, fluorescence was restricted-to injected cells. However, if such cells were viewed after at least 30 min of culture, fluorescent actin, but'none of the controls, was incorporated into an array of fibers (Fig. ic) . Some of these fibers could also be detected by phase contrast microscopy ( Fig. ld) and often extended through the whole cytoplasm. Neighboring fibers converged into distinct focal points (see arrows in Fig. ic) concentrated near the base of the cell (see below). After 6 hr of culture, actin as well as bovine serum albumin and the other controls was segregated into granules located mainly near the cell nucleus ( Fig. 1 e-h )*.
Cytochalasin b at appropriate concentration prevented the formation of the fluorescent actin fibers, whereas colchicine had no effect (Fig. 2) . Neither compound influenced the segregation of proteins into granules or their dislocation into the perinuclear area.
In an attempt to characterize the actin-containing filaments in their three-dimensional organization, Leitz' reflection contrast microscopy was applied. By this technique most of the fluorescent fibers and focal points (Fig. 3 a and e) could be identified as darkened areas (Fig. 3 b and f) , indicating a close location on the substratum (see Discussion). Along the seemingly straight fluorescent fibers (see arrows in Fig. 3a) , the corresponding dark lines were often characteristically interrupted (see arrows in Fig. Sb) . In ruffle-like structures shorter fluorescent filaments were enriched, and a close overlap with the dark regions was again observed (Fig. 3 c and d) of cell-cell contact, actin-containing microspikes were even localized below the neighboring cell edge (see arrows in Fig.  3 e and f) .
DISCUSSION
Our results demonstrate that fluorescently labeled actin, after microinjection into cells maintained inculture, can be visualized by fluorescence microscopy, and its incorporation into cytoskeletal structures can be readily studied. The microinjected cells (i) retain a healthy appearance for at least 48 hr of culture, (ii) exclude trypan blue when tested immediately after injection as well as during the experiment, and (Mii) segregate and degrade fluorescent proteins almost completely within less than a day (see also below). Thus, we consider the injected cells to be alive-i.e., to have quickly recovered from microinjection. This belief is supported by the recent observations that injected cells still permit viral gene expression (9) and that injected mRNA undergoes translation (10) . The cells were found to carry out mitosis and were still sensitive to enzyme induction (10) .
With the injected actin, but not with the control proteins, an impressive network of fluorescent filaments has been visualized ( Fig. ic and Fig. 3 a and e) . Thus, during culture the tracer actint appears to be integrated into structures that resemble the stress fibers known from classical immunofluorescence microscopy (1, 12). They appear to be either new elements or existing fibers in the process of assembly and disassembly. Unspecific association seems unlikely because cytochalasin b, but not colchicine, prevented integration of the fluorescent tracer into any organized structures (Fig. 2 a and b) . The experiments with cytochalasin b, furthermore, indicate that the fluorescent structures are in fact stress fibers and not single F-actin filaments, because the latter are not affected by the drug (1, (13) (14) (15) . Integration into stress fibers was observed, although the injected tracer was modified by the introduction of tetramethylrhodamine isothiocyanate and was from a different tissue and species. This confirms the previous notion that actin is a structurally and functionally conservative protein (1, 16) .
Groups of stress fibers often end at focal points (Fig. ic) the recently available technique of Leitz' reflection contrast microscopy. This technique indicates the areas of cellular attachment to the cover slip as dark areas. The image increases in brightness to a maximum at which the distance is X/4n (70.1 Aum), X being the wavelength of the incident light and n the refractive index of the medium between cell surface and cover slip (cf. ref. 17) . In many areas the actin-containing focal points perfectly overlap with the darkest areas (Fig. 3) . Thus, the stress fibers converge to form cusps at the attachment plaques of the cell (cf. refs. [17] [18] [19] . It could be hypothesized that these focal points might represent the initial organizers of the stress fibers. However, more information-e.g., by continuous visualization of single cells (see below)-will be needed to clarify this point. In ruffle-like structures, actin-containing fibers were found to be enriched (Fig. Sc) , and thereby the present in vivo observations have yielded higher resolution than possible with conventional immunofluorescence microscopy (20 
